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学 位 論 文 内 容 の 要 旨 
 
There is a soil-like layer above the bedrock of the Moon that is produced by small 
meteoroid impacts on the lunar surface, which is also called as the lunar regolith. 
The size of particles ranges from several centimeters to submicron size, and the 
small-scale particles are also referred as the lunar dust, which can be transported 
by the electrostatic forces above the lunar surface. In addition, it has been suspected 
to be the reason of lunar horizon glow (LHG) over the years. All observations of the 
LHG were related to the lunar terminator, and lofted and/or levitated dust grains by 
the electrostatic forces were proposed to be the reason of forward-scattering of the 
sunlight. It was first spotted by the TV cameras of Surveyor missions in 1966 and 
1968, and the excessive brightness to coronal and zodiacal light indicated that the 
dust population was considerably higher than the levels that can be produced by 
micrometeorite ejecta from the lunar surface. In addition, all observations of the 
LHG were under the solar wind plasma. The Moon directly interacts with the solar 
wind in the absence of a global magnetic field and a dense atmosphere. Even though 
the solar wind plasma has lower temperature and higher density than the 
magnetospheric plasma, enhanced fluxes of charged particles can be observed in 
some cases such as solar energetic particle events, and the lunar surface potential is 
controlled by the surrounding plasma conditions and the photoemission of electrons 
from the dayside of the Moon due to solar UV and X-ray radiation. 
In this study our purpose is to investigate the maximum height variation of dust 
grains due to micro-cavity charging and the surface electric field under various 
ambient plasma conditions. The observations of the LHG are explained together 
with the measurements of the lunar dust exosphere in chapter 1. In addition, the 
simulations of lunar surface charging, the initial separation of the dust particles 
and the maximum height calculations are explained for the plasma conditions of the 
regular solar wind and three selected coronal mass ejection events in chapter 2. 
These results show that the surface potential is highly variable above the lunar 
terminator, and the dust launching rates are significantly controlled by the 
secondary electron emission and the dust size. Even though the micron-sized dust 
grains are launched from the surface more frequently than the submicron-sized 
dust particles, their heights are less influenced by the surface electric field in all 
cases.  
In chapter 3, the experiments on the silica dust grains are explained in detail. 
The experiments are performed under 4×10-3 Pa pressure in a vacuum chamber. In 
addition, an electron beam is produced from a cathode ray tube, and the electron 
current density is measured as approximately 2.87×10-4 Am-2. Different from the 
previous dust lofting experiments, the initial launching velocities of the grains are 
detected by the microscopic telescope and the high-speed camera by focusing on the 
near surface area above the dust sample. There are three different experiments that 
we have performed. First, the dust grains are loaded on the graphite plate without 
applying additional pressure or external horizontal electric field. Therefore, it is 
called as the simple case, and the estimation of the maximum heights are made for 
the dust particles charged within a single microcavity with a microcavity size as the 
particle diameter. Second, the dust sample is compressed after loading on to the 
graphite plate with approximately 3780 Pa in order to increase the contact surface 
areas among the dust grains while decreasing the number of the microcavities. 
Third, the graphite plate is placed between two parallel aluminum plates that are 
separated by 5 cm distance and biased to 240 V. Therefore, it is expected to increase 
the number of the rolling particles over the surface while increasing the number of 
the inter-particle collisions.  
Finally, the results are concluded in chapter 4. First, the dust grains with 5 µm 
radius reach significantly similar heights with the lunar horizon glow observations 
in the simulations. Second, the dust grains 0.1 µm in radius are lofted to the heights 
similar to the Lunokhod-2 astrophotometer observations under the regular solar 
wind. Third, the laboratory experiments point out that several factors are critical to 
estimate the dust lofting such as the contact surface areas between the dust grains, 
the packing density, the existence of the microcavities, and the inter-particle 
collisions in the presence of the horizontal electric field. Most of the particles are 
launched within the estimated range for the simple case. Furthermore, increased 
packing density reduces the number of the lofted dust grains; however, their 
vertical launching velocities are increased due to stronger electrostatic potential 
energy built up between the dust grains. In addition, strong horizontal electric field 
contributes to the dust release from the surface; and the current results suggest 
lower launching velocities. Finally, aggregates are lofted as well as the single 
particles, and some of them separated during the lofting motion. Therefore, the 
separation of charged dust grains on the flight can be an additional source for the 
smaller grains. 
 





り観測されている発光現象 Lunar Horizon Glow（LHG）の原因であると長年にわたり
考えられている。 LHG は 1966 年と 1968 年に Surveyor ミッションのテレビカメラ
によって観測された。その後、LHG の発生メカニズムを解明するため、いくつかの宇














バー内で 4×10 -3 Paの圧力下で行われる。さらに、陰極線管から電子ビームを生成し、








ドした後に、ダストサンプルを圧縮する。第 3 に、グラファイト板は、5cm 離間して
240Vにバイアスされた 2枚の平行なアルミニウム板の間に配置されているため、表面
間の転がり粒子の数を増加させながら、粒子間の数衝突。 
最終的に、結果は第４章で結論づけられる。第 1に、半径 5μmの塵粒子は、シミュ
レーションにおける月の水平輝球観測と著しく類似した高さに達する。第 2 に、半径
0.1ミクロンの塵埃は、通常の太陽風の下での Lunokhod-2の天気光度計の観測と同様
の高さになる。第 3に、実験室の実験では、粉塵の接触面積、充填密度、マイクロキャ
ビティの存在、および水平の存在下での粒子間衝突のようなダストロフトの推定にいく
つかの要因が重要であることを指摘している電界。大部分の粒子は、単純な場合の推定
範囲内で発射される。さらに、充填密度の増加は、ロフトされた塵粒の数を減少させる。
しかし、それらの垂直発射速度は、ダストグレイン間に蓄積されたより強い静電ポテン
シャルエネルギーのために増加する。さらに、強い水平電界は、粉塵放出に寄与する 
なお、本論文に関し、審査委員並びに公聴会出席者から、様々な質問がなされたが、い
ずれも適切に回答がなされた。 
 以上により、論文調査及び最終試験の結果に基づき、審査委員会において慎重に審査 
した結果、本論文が、博士（工学）の学位に十分値するものであると判断した。 
